Studies with several bottom fish species from urban waterways show that ofthe identified xenobiotic chemicals in bottom sediments, polycylic aromatic hydrocarbons (PAHs) are the most strongly associated with the prevalence of liver lesions, includ neoplasms. Accordingly, there is concern about the transfer ofcontaminants, such as PAHs, from aquatic s s to hum Because PAlHseerttheirtaidty only after being lorm ed, incing attention has been focused on the ability ofaquatic organiss to metabolize these chemicals. Overall, the reslts of both laboratory and field studies show that generafly low levels (nanograms per gram wet weight) of a few low molecular weight PAHs may be present in edible tissue offish from areas and that high nmoeuar weiglt PAHs, such as the carcnogen benzo(a)pyrene, wil rrely be debtcted because ofexensivenueAbolin. Addiionally, the rets from a few studies suggest that even though interactions between xenobiotics can affect both biochemical and physiological systems to alter the disposition of PAHs in fish, these interctons do not markdly change the relative proportions of metabolites to parent PAH in tissues. Thus, these studies clearly demonstrate that to obtain some insight into the questonsofwheter there is any risk to human health from consuming fish and crustaeans from urban areas, techniques must be developed that The studies with English sole in Puget Sound show that of the identified organic xenobiotic chemicals in bottom sediments, polycyclic aromatic hydrocarbons (PAHs) were the most strongly associated with the prevalence ofliver lesions; however, a weaker correlation was also suggested for certain chlorinated compounds (4). Because carcinogenic compounds such as PAHs exert their toxicity only after being biotransformed, increasing attention has been focused on the ability of aquatic organisms to metabolize these chemical carcinogens that are present in urban waterways. As the emphasis of this conference was on carcinogens in aquatic food species, we will limit our discussion in this paper to the processes and mechanisms that govern the distribution of PAHs and their metabolites in fish. Data from field studies on levels ofPAHs in fish from polluted sites will be discussed only to illustrate the importance ofmetabolic pathways in the toxicokinetics of PAHs in these organisms.
Introduction
Reports ofhigh prevalences of liver neoplasms in bottom fish from urban waterways have heightened our awareness of the potential problems concerning the quality of fisheries habitats, as well as of food-chain transfer of contaminants from fish and shellfish to humans. In a separate paper included in this issue, Myers et al. (1) have discussed detailed evidence gained from field and laboratory studies showing consistent associations between the presence of certain chemical contaminants and the prevalence of neoplasms in a commercially and recreationally important fish species, English sole (Parophrys vetulus). These studies have systematically demonstrated that certain liver lesions, including preneoplastic lesions and probably neoplasms, in English sole are caused by exposure to environmental pollutants. Although similar detailed information demonstrating cause-and-effect relationships between contaminant exposure and liver lesions in other wild fish species (e.g., white croaker, Genyonemus lineatus), and winter flounder (Pseudopleuronectes americanus) is not available, there are sufficient epizootological data to suggest that certain lesions, including neoplasm, in these fish species are also pollution-induced (2, 3) .
The studies with English sole in Puget Sound show that of the identified organic xenobiotic chemicals in bottom sediments, polycyclic aromatic hydrocarbons (PAHs) were the most strongly associated with the prevalence ofliver lesions; however, a weaker correlation was also suggested for certain chlorinated compounds (4) . Because carcinogenic compounds such as PAHs exert their toxicity only after being biotransformed, increasing attention has been focused on the ability of aquatic organisms to metabolize these chemical carcinogens that are present in urban waterways. As the emphasis of this conference was on carcinogens in aquatic food species, we will limit our discussion in this paper to the processes and mechanisms that govern the distribution of PAHs and their metabolites in fish. Data from field studies on levels ofPAHs in fish from polluted sites will be discussed only to illustrate the importance ofmetabolic pathways in the toxicokinetics of PAHs in these organisms.
A recent review ofthe literature on the metabolism and dispositionof PAHs in fish indicates that carcinogenic PAHs such as benzo(a)pyrene (BaP) are extensively metabolized by most fish species (5). The noteworthy finding of recent studies conducted with radiolabeled hydrocarbons is that the highest concentrations of radioactivity, which are primarily due to PAH metabolites, are foundinthehepatobiliary systemoffishes, withediblemuscleand other extrahepatic tissues having rather low concentrations (6) . The relative ranking ofconcentrations, as shown in Figure 1 (9) recently assessed the levels ofPAHs (Table  1) in edible muscle of several species of fish that are of importance to the recreational sport fishery in Puget Sound. They reported that levels ofPAHs ranged from trace levels (< 1 ppb) to 32 ppb, wet weight, when measured by HPLC fluorescence. However, most of these levels could not be confirmed by GC/MS. In a related study specifically examining the potential human health risk from consumption ofbottomfish from Commencement Bay, Washington, low levels ofonly a few aromatic hydrocarbons were detected in muscle ofbottomfish. It was concluded from this risk assessment study that the levels ofaromatic hydrocarbons in muscle of bottom fish from Commencement Bay were not sufficiently high to pose a threat to human health, whether the assessment was for carcinogenic or acute/chronic noncarcinogenic risk (10) .
Overall, the results ofthese studies suggest that, generally, low levels of a few low molecular weight aromatic hydrocarbons, such as naphthalenes, could be present in edible muscle of fish from urban areas and that high molecular weight PAHs, such as BaP, will rarely be detected, because ofextensive metabolism.
However, certain exceptions to this pattern ofdistribution may occur. For instance, the lowering ofhepatic cytochrome P450 \f levels in sexually mature fish (1!) may alter the organism's ability to metabolize and excrete PAHs, which in turn may result in altered disposition of PAHs and metabolites into extrahepatic tissues (11) (12) (13) . In cases ofacute exposure to hydrocarbons, such as in an oil spill, the ability ofan organism to process PAHs may be altered by the presenceofpolar components, including high concentrations of PAH metabolites (14) produced during the metabolism ofpetroleum-derived aromatic hydrocarbons. Furthrmre, exposure to other xenobiotic chemicals, which may induce [e.g., polychlorinated biphenyls (PCBs)] or inhibit (e.g., phenols and specific PCB congeners) xenobiotic-metabolizing enzyme Systems (15) or alterexcretory pathwys (16) detected at only low parts per billion levels even in fish from highly contaminated areas. In addition to the potential ofother contminants to affect the metabolism and disposition ofPAHs in fish, species-specific differences in biochemical and physiological parameters, such as basal levels ofxenobiotic-metabolizing enzymes and lipid content oftissues, appear to have significant effects on the disposition of PAHs and their metabolites. Broad-based comparisons between species is difficult because no single PAH has been used universally in studies with fish; however, Solbakken and coworkers have exposed several species of fish to [14Cl phenanthrene (PHN) intragastrically and measured levels of PHNderived radioactivity in tissues and fluids at common sampling times (bble 2) (21-23). In the teleosts, rainbow trout (Oncorhytchus my*iss, formerly Sano gairdhen), and colfish (Pollachius vrens), the gall bladder contained >3% of the dose at 24 hr postexposure, whereas in spiny dogfish (Squalus acanthias), an elasmobranch, the gall bladder conained only 0.1% ofthe dose at 24-hr sampling time. The difference in the accumulation of PHN metabolites between teleosts and elasmobranchs is apparently related to the low hepatic MFO activities in spiny dogfish compared to teleosts (24). Moreover, the low level ofaccumulation of PHN metabolites in bile of spiny dogfish is not specific to PHN. Similar studies have shown high accumulation ofnaphthalene in liver (22% ofthe dose) and only small amounts in gall bladder (0.03 % dose) of spiny dogfish (25) .
The influence of lipid content of organs on accumulation of PHN-derived radioactivity also explains, in part, the differences in the results shown in Table 2 . The coalfish is a lean fish having major lipid reserves in liver, whereas the rainbow trout is a fatty fish having lipid distributed throughout the body. Correspondingly, the ratio of the percent dose of PHN in liver to that in muscle is markedly greater for coalfish, 12, than for trout, 0.28. Further, the grunt (Haemiilon sciurus) and spiny dogfish have higher hepatic lipid contents (20% to 50%, respectively) than -J trout (10%) and also accumulate high levels ofPHN in liver compared to muscle. Additionally, in the lean fish, English sole, exposed to sediment-associated BaP or to BaP intragastrically, liver and bile had the highest concentrations ofBaP and its metabolites (6, 20) . It is not surprising that the hepatobiliary system accumulates high levels of PAHs and their metabolites, because liver is the tissue that usually has the highest levels ofxenobioticmetabolizing enzyme activities (11); however, the relative lipid contents of liver and muscle of fish also appear to play an important role in determining the relative disposition of PAHs and metabolites in edible flesh. The use ofradiolabeled PAHs has demonstrated that the very low levels of radioactivity detected in muscle of PAH-exposed 'Tissue samples were from English sole exposed to a contaminated sediment from an urban area spiked with '4C-PCBs and 3H-BaP. Adapted from Stein et al. (20) . PCBs, polychlorinated biphenyls; BaP, benzo(a)pyrene. bEnglish sole were exposed peros to 2 mg '4C-BaP/kg body weight (5 (32) . The presence of genotoxic metabolites bound to cellular macromolecules in edible flesh may indicate the presence of precursor molecules in flesh at levels that are not easily detected by other analytical techniques. It is obvious that considerable effort needs to be directed toward development of sensitive and reliable techniques to measure levels of PAH metabolites in edible tissues of fish and shellfish. Our initial attempts are focused on semiquantitative methods that permit rapid assessment ofthe level ofmetabolites in edible flesh of fish and crustaceans from many urban areas. Based on information from such screening studies, further refinement in methodology leading to identification of specific compounds may be needed to properly address the issue ofpotential health riskofconsuming such products.
PAH Metabolites in Edible Tissue
It is apparent that detailed mechanistic studies evaluating metabolism and disposition ofcontaminants in aquatic species, using radiolabeled compounds, should continue as these studies provide valuable information for developing appropriate analytical strategies for testing environmental samples. For example, a study using radiolabeled PCBs showed that English sole metabolized PCBs (Aroclor 1254) but that liver accumulated primarily parent compounds. It was suggested that because PCBs were largely converted into glucuronide conjugates rather than thioether conjugates, the PCB metabolites from sole liver were rapidly excreted into gall bladder (19) . In contrast, BaP is converted largely to thioether conjugates, which persist in tissues (33) . It can be assumed, therefore, that metabolites ofxenobiotics such as PCBs may not accumulate in edible flesh offish as do the parent compounds. Thus, the issue of xenobiotic metabolites in edible tissues may not be equally important for all contaminants that are metabolized by fish because certain metabolites may not be as toxic or carcinogenic as others and also that certain metabolites may persist in tissues whereas others may be easily excreted into bile and hence removed. Hence, that a scientifically sound database on a broad spectrum of contaminants and metabolites in aquatic species is needed before we can adequately address the question of bioavailability or food chain transfer of these compounds to humans.
